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UMER EXPAMDER 

This invention relates to a constant force spring device, and 
more particularly, to a device for expanding a metallic liner wherein an 
expanding die is urged against the liner by a constant force spring device. 

Heretofore, a method and apparatus have been developed for 
installing an expanded metallic liner in an oil veil or other conduit. 
Typically, a corrugated steel liner is inserted in a conduit which is to be 
lined, the greatest peripheral dimension of the liner being slichtly less 
than the inside diameter of the conduit. An expanding tool Is passed 
through the liner placed in the conduit, and a flrst-stage expanding die 
causes a gross pUstic deformation of the liner, which is expanded outwardly 
against the Inside of the conduit. A second-stage die on the tool then 
provides an additional finer deformation of the liner to provide a smoother, 
more finished surface on the inside of the liner and to assure more coii«>lete 
contact between the conduit and the liner. In a typical design of this type 
expanding tool, the frictional drag of the first-stage die supplies the 
expanding force for the second-stage die, which expanding force Is a direct 
function of the strength, or wall thickness, of the conduit in T^ich the 
Uner is being installed. For example, m lining oil weU casing, heavy 
waU casing may cause a very high frictional force which results in excessive 
pressure being required to push the expander through the liner. The 
application of the great forces reg]ulred may result in rupture of the casing 
or in breaking the installing tool. In Instances where the internal 
diameter of the conduit is somei^t less than that anticipated, the result- 
ing forces can cause the tool to become stuck in the casing, or otherwise 
cause dsmage to the casing and the tool. In other designs, such as irtiere 
a cantilever spring arrangement is eaqployed in connection with the second- 
stage die, various difficulties are encountered in obtaining a spring 
mechanism hatving the desired strength in combination with the other spring 
characteristics, sad with the tool dragging against the inside mslIX of the 
conduit after being passed through the liner. 
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Since tools of the type mentioned above often are employed In wells 
deep in the ground. It is highly preferable that a tool be used which under no 
circumstances will become stuck In the well or cause damage to the well. Any 
such trouble occurring In a weU can result in considerable loss in ti»e and 
great expense in making repairs. 

An object of the present Inventioa is a device for applying a con- 
stant force to an expanding die or other staHar apparatus so that a pre- 
selected maximum force is exerted against a work piece. Another object Is an 
improved expanding tool for installing metallic liners in a conduit, which 
10 expanding tool can apply no greater than a predetennined force to the liner 
being installed m the conduit. StlU another object of the invention is an 
economical and easily fabricated constant force spring device. A further 
object IB a rugged, eaay-to-operate •xpanding tool employing such a spring 
device. These and other objects of the Invention will become apparent by 
reference to the following description of the invention. 

In accordance with the present Invention there is provided a c6a. 
stant force spring device which comprises a body member, an elongated column 
element adjacent said body member, bearing plate members contacting the two 
ends of said column at least one of said bearing plate members being longl- 
20 tudinally movable in respect of the other and stop means on said body member 
to limit the deflection of said column element to prevent peraanent defortna- 
tion of said column element upon the appUcaUon of a compressive load 
thereto. In one embodiment of the invention, the foregoing constant force ' 
spring device is employed in a tool for expanding a metalUc Uner inside 
a conduit, said constant force spring device being positioned on said tool 
to urge an expanding die member against the liner being installed in the 
conduit by a substantially constant force. 

My invention will be better understood by reference to the foUow- 
ing descrlpUon and the accompanying drawings wherein: 
30 Figures U, IB and IC, taken together, constitute a partial sec 

tional view of a preferr«i embodiment of a liner expanding tool according to 
the present invention; and 



- 2 - 



736288 

Figure 2 Is a sectional view of the apparatus of Figure lA taken at 
line 2-2; and 

Figure 5 Is a typical plot of applied Load versus Deflection for 
the constant force spring device of the invention. 

Referring to the drawings. Figure lA is the bottom portion of a 
liner expanding tool for use in installing a metallic Uner in a veil, vhlle 
Figure IB iUustrates the middle section of such a tool and Figure IC repre- 
sents the upper section of the tool. The expanding tool 11 is attached to 
standard well tubing 12 by coi^llng 13 and, typically, may be lowered from the 
surface through a well casing (not shown) to a point in the casing at which it 
is desired to install a metaUic liner. Before Inserting the tool into the 
well, an elongated vertically corrugated Uner Ik fabricated from miU steel, 
or other suitable malleable material, is placed on the tool. The corrugated 
liner Is secured in position by contact at its upper end with a cylindrical 
shoulder member 16 and, at its lower end by contact with a first-stage expand- 
lag die 17 in the form of a truncated circular cone which serves as a firsts 
stage expanding die in the manner hereinafter described. The expanding die is 
fixedly attached to a centrally located, elongated cylindrical hollow shaft 18 
which forms a portion of the body of the tool. As shown, the expanding die 1? 
is held in pUce between a lower shoulder 19 and collar 21 threaded onto the 
shaft. A plurality of movable ams 22, preferably provided with outwardly 
enlarged portions 23 near the top, are disposed in the form of a cylinder 
around shaft l8. The enlarged portions of the aims 23 upon being moved out- 
wardly contact the liner to perform the final step of expanding the corrugated 
liner into a substantlaUy cylindrical shape. The arm members 22 are pivotally 
attached to the shaft so as to be movable outwardly from the shaft by a tapered 
expanding member 2k elldably positioned on the shaft to serve as a second-stage 
expander. Bie surface of the member 2U, as shown, moves upwaxtlly along the 
shaft to engage with the anns and move them outwardly. Advantageously, the 
inside surfaces of the ams 22 and the outside surface of expanding member 2k 
fom mating sections, typically octagonal in shape. The expansion of the ana 
members is controlled by the position of the member ^ which moves upwardly 
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until it contacts shoulder 26 provided on the shaft. As member 2k movos in a 
dovnwordly direction arms 22 fold Inwardly tovard the shaft. The expanding 
anns 22 are held in place on the shaft by collar 2? and circular groove 26 
provided on the shaft. 

The expanding tool, comprising the first-stage die and the second- 
stage die is drawn through the liner to expand it in place in the casing, ihe 
first-stag© die provides a gross deformation of the liner so that it Is 
expanded outvartlly against the waU of the casing. The second-stage die then 
passes through the liner and perfoxma the final expansion to smooth the inner 
surface of the liner and to provide more even contact between the liner and 
the wall of the casing and effect a fluid-tight seal. 

In operation, the Uner setUng tool la assembled at the surface, as 
described above, and a glass cloth saturated with a resinous material may be 
wrapped around the corrugated tube to form the Uner, The assembly is lowered 
into the well at the location at which the liner is to be set. A liquid, such 
as oil, is then pumped under pressure down the well tubing and flows throu^ 
the passageway 29 provided in polished rod 31, through ports 32 and into cyUn. 
der 33 connected to the upper end of the shoulder 16. the application of 

fluid pressure to the cylinder, the piston 34 secured to polished rod 31 moves 
upwardly in cylinder 33. As shown, rod 36 connects polished rod 31 and shaft 
18 upon which is mounted the first-stage expanding die 1?. When the piston 34 
moves upwardly through the cylinder 33 the expanding die 1? and the second- 
stage die 22 are drawn upwardly into the corrugated Uner 14 and "iron out" 
the corrugations In the liner, so that the expanded liner may contact the 
inside wall of the casing in which it is being installed. Positioned on the 
shaft below the expanding member 24 la a constant force spring member 37 which 
is employed to urge the expanding member against the expanding arms 22 with a 
substantially conetant force. The force exerted agnlnat the am members being 
substantially conatant^ the force transmitted through the am aembera to the 
liner and tb the caaing wlU be aubatanUally eonatant ao that either aUcJOng 
of the tool in the casing or rupture of the casing le precluded. Of course, 
the force provided by the spring member la preaeleeted ao that the frtcUonal 
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forces between the tool and tbe liner and the pressure exerted against the cas- 
ing are maintained at predetermined safe levels. The constant force spring 
member assures that the contact pressure between the liner forming portion 23 

f. 

of the arms 22 is great enough to provide the desired deformation of the cas- 
ing^ vhile preventing damage to the casing or to the tool. 

The constant force spring member 37 is slldably mounted on the shaft 
Id and held betveen the expanding element 2k and a cylindrical lover shoulder 
member 38 forming a portion of a differential sorev element 39 which transmits 
the loading on spring member 37 to shaft member l8. The differential screw 
10 element comprises shaft member l8 on the outside of which are cut male threads 
l8a^ the lover shoulder member 38 provided with female threads 38a and thimble 
member hi provided with threads 4la and kl\> on the outside and the inside, 
respectively, to engage with threads on the shaft and the shoulder. The two 
sets of threads are coarse, such as square, modified square, or Acme threads, 
to withstand very high loads and differ In pitch so that shoulder 3d is moved 
upwardly on tbe shaft 16 when the shaft is revolved relative to thimble Ul» 
The shoulder 36 is secured to the shaft 18 by splines so that it can slide 
longitudinally, but it is not free to rotate on the shaft. Fixedly attached 
to the lover end of the thimble is a friction member, such as bow springs hZ, 
20 a hydraulically actuated friction pad, or other such device for frictionally 
engaging with the inside wall of the conduit to secure the thimble against 
rotation with respect to the shaft. Preferably, the direction of the shoulder 
member threads 3da is the same as that of the shaft threads l3a, e.g. rig^t- 
hand threads, and the pitch, or lead, of threads l8a is slii^tly greater than 
that of threads 3da, with the pitch ratio being close to unity. In this 
manner, dock-vise revolution of the shaft relative to the thimble causes 
shoulder member 38 to advance upward slightly and a compression load is exerted 
upwardly on spring element 37 to cause buckling. For example, oxxe satisfactory 
differential screv vas made up using five and one -half threads/inch square 
30 threads on a shaft approximately 1.7-inch outside diameter and five and three- 
quarters threads/inch square threads on a shoulder approximately 2.5*inchea 
inside diameter. 
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Constant force spring element 37 comprises coliunn element advan- 
tageously consisting of a plurality of elongated columns disposed around shaft 
18. Upper bearing plate member is In contact vlth the upper ends of the 
colunms and Is slldably positioned on shaft I8 to transmit the force of the 
spring longitudinally against the bottom end of expander member 2k. Lower 
bearing plate member kS contacts the lower ends of the columnB and la moved 
upwardly along the shaft by longitudinal movement of lower shoulder 38 as a 
result of revolving differential screw element 39- Grooves are provided 
in each of the bearing plates, to form an upper race and a lower race, Into 
which the ends of the columns are inserted. These grooves may^ shaped to 
conform with the s.iape of the column ends if desired. A cover U8 may be 
employed to exclude foreign matter from the spring mechanism and to protect 
the spring. 

A means for limiting the deflection of the columns Is required. 
Although the column element functions in a buckled condition, application of 
excessive compressive load thereto would cause total failure or rupture of the 
columns. Therefore, a pair of stops U9 and kSa, are provided for this purpose. 
As shown, the stops are rigidly connected to the bearing plates, and, in 
effect comprise upper and lower limiting sleeves positioned on the shaft to 
slide longltiJdlnaUy thereon. OSe ends of the stops may mo.e toward, or away 
from, each other as the load on the spring member varies. Lover sleeve V9a 
is prevented from moving down by lower shoulder 36 connected to the shaft I8. 
However, the spacing between the ends is such as to limit the longitudinal 
travel of the bearing plate members as they move together to prevent pennanent 
defonnatlon of the column element 43. Various alternative means for prevent- 
ing damage to the column element may also be employed. For example, pins or 
rings mounted on the shaft may serve as stops, or the cover kQ provided with 
suitable connections may be employed for this purpose to limit longitudinal 
and/or lateral deflection of columns. 

The columns of the column element may be arranged around the 
shaft 18, which as shown here forms a portion of the body of the spring 
device, with ends of the columns fitted In the races kf. The coluaixs may be 
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-'itted closely together as shown, or may be spaced around the race, «lth sepa- 
rators used between them to maintain the desired spacing. The number of 
columns employed will depend upon column characteristics and the materials of ' 
construction. For exenple, the slendemess ratio of the colu=n may be varied 
widely, and the column ends xay be round, flat, fixed or hinged. The preferred 
construction is a thin, slender column with rounded ends, free to move within 
the races shaped to the curvatu: e of the column ends. ;/Iterials which may be 
satisfactorily employed for the oolui;n3 are carbon and low alloy steels, 
chromium and nlckel-chromlum stainless steels, various copper base alloys, such 
10 as phosphor bronze, beryllium copper, the high nickel alloys and other similar 
materials providing satisfactory mechanical properties. Typically, the indi- 
vidual columns ar« of long rectangular cross- section, with the width being 
greater than the thickness, and arranged so that the vider face of the columns 
is normal to the diameter of the -haft. Thus, vith sufficient compression 
loading, the columns buckle, and bend about the axis having the least moment 
of Inertia, e.g., outwardly away from the shaft iS. 

For example, a group of columns 0.l67-inch thick by 0.1t38-lach wide 
by 10.686-Inche6 long, with tJ»e ends rounded, were fabricated from A.I.S.l 
i^^O steel, quenched and drawn at 575*F. Each coluac was found to require a 
20 critical compression loading of :^50 pounds la order to buckle the column. 

After buckling, the columns vere found to have a very flat spring characteris- 
tic, as shown in Figure 3, wherein is the critical buckling load and point 
C represents the load and deflection at which the stress In the extreme fibers 
of the column exceed the yield point of the material. T7«oretically, the shape 
of this spring characteristic curve Is described by curve OA-ABC. Actually, 
this curve is described by OABC due to friction in the system. Points A end B 
represent twlcal. vorldng limits, which, of course, may be varied according to 
the appUcaUon for which the spring is designed. For example, where a large 
number of flexing cycles are not anticipated, a working stress Just below the 
36 yield point may l» used, while with, a great number of flexures, the working 

stress may be held to less than the endurance lialt of the inaterlal of construc- 
tion, m the abow.mentloned tests, the lateral deflection .was Halted to 
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8pproxl«.tely one Inch. ,t which the longitudinal deflection v.e approximately 
0.225 inches. From zero deflection to the m«xl»uo deflection, the UjCpound 
loading was found to be eubstantially constant. 

In another test a spring device vas built, as eho-n, employing 20 
colv^ins, each having a critical buckUng load of I25O pounds, me lateral 
deflection ves limited between 0 and about 1.00 Inches by appropriately posl- 
tlonlng the stops. Upon compreesional loading, the spring element buckled at 
substantially 25,000 pounds and from a longitudinal deflection of 0.0k Inches 
(buckling) to about O.15 inches the load remained substantially at 25,000 
10 pounds. 

Of course, In designing a spring element as above it is advantageous 
to obtain the greatest possible value of longitudinal deflection for specified 
values Of lateral deflection and critical buckling load, while maintaining 
the stress level in the columne at a safe level, ite preferred column., thei*. 
fore, are laminated, a. shown in Plgurea IB and 8> with multiple flat members 
■BBklng up each column. 

In the operauon of the above expanding tool for setting a Uner 
m well casing, the made-up tool 1. lowered into the weU as mention.! above. 
With the arms 82 m the retracted position. When the tool Is at the dealred 
20 level, the veU tubing la revolved. The friction member kz engages with the 
waU of the casing and prevents thimble kl from revolving. With several 
revolutions of the tubing, lower shoulder 38 1. mo«d upwardly by differ«»ti.a 
screw 39 to buckle spring element 37 which has a predetemlned cntlcal 
imckllng load, itu load Is tr«.smitted upwardly against the lower end of 
expander 24. and its tapered surface 1. engaged with the tapered surfac on 
the laald. of the ar«s 22 to urge the a«ns outwarxUy with a substantially 
conatant fore, proportional to the critical buckling load of the spring 
element. Subsequently, the expanding tool is passed through the Uner to 
expand It in the easing in the manner described hereinbefore. 
30 B» foregoing deaerlptlon of a preferred embodiment of ay invention 

ha. been glv« for the p«r,o.a of exemplification, it wiu be understood that 
vanou. modification, la the detail, of construction will become aBpa,«.t to 
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the artisan fro. the description, and. as such, these fall within the spirit 
and scope of my Invention. 
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I CXAIM: 

1. A device for expanding a metallic Hner Inside a conduit which 
device ccmprises a shaft element, an expanding die number attached to said 
shaft element, said die member comprising a movable liner-forming member 
positioned on said shaft and being radiaUly movable in respect thereof to 
contact said liner, an expander member slidably positioned on said shaft 
between said shaft and said die member to move said liner-forming member 
from said shaft, and a constant force spring member positioned on said shaft 
to contact said expander member fluid to maintain said expander member against 
said liner-forming member j whereby said liner-forming meniber is urged against 
said liner by a substantially constant force. 

2. In a device for installing an expanded metallic liner in a 
conduit wherein an eaqpanding die is moved through a Hner positioned in said 
conduit to expand said liner: a cylindrical shaft elenent> an ej^panding die 
member attached to said shaft, said die member comprising a plurality of am 
members disposed around said shaft and being pivotable outwardly thcrefrcm to 
contact said liner, a cone member slidably positioned on said shaft between 
said shaft and said arm members to urge said arm members outwardly frcm said 
shaft, and a constant force spring moniber positioned on said shaft to contact 
said cone member and to maintain said cone meniber in contact with said arm 
members, whereby said arm members are urged outwardly by a substantially 
constant force. 

3. The device of Claim 2 wherein said constant force spring m«nber 
comprises a plurality of columns disposed around said shaft, a first bearing 
plate member and a second bearing plate member, each of said bearing plate 
members contacting opposite ends of said columns, at least one of said bearing 
plate members being movably positioned on said shaft and being in contact 
with said cone member, stop means coaMiected to said shaft to limit the axial 
travel of said movable bearing plate member along said shaft, and ccn^esslon 
means for m1ntft1n1i:u ; » lateral deflection in said coluoas. 
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1 4. tevlce of <aalm 3 therein eald ccBwreasloa «a«i coBVPlBea 

2 a differential screw connecting said spring Be«l«r and said shaft. 
^ 3. The device of Claim 3 wherein said stop oeans conprlseB a 

sleeve-like element connected to said aovaMe bearing plate member and 
slldabUr positioned on said shaft and a oenber connected to said shaft to 
Halt the travel of said eleeve-Uie element. 

6. Zhe device of Claim 3 "herein said columns have a wctaagular 
cross-seotlcn, the vldth being greater than the thickness, and having the 

3 wider face nonnal to the dlamter of said shaft. 

7. A device for instaUlng an eiqjanded aBtalllc liner in a conduit 
vblch comprises a cylindrical shaft element; an eacpandlng die member mounted 

3 on said shaft, said die wmber con5.riBlng a plurality of arm members disposed 
k oircumfereatiaHy around the outside of said shaft and being pivotable out- 

5 vanUy therefrom to contact the liner; a conical expanding member alidably 

6 positioned oa said shaft betveen said shaft and said ana msmbers to ui^B said 

7 am members outwaijr from said shaft; a plurality of slender columns, each 
having a long reetangular eross-sectlon and disposed circumferentlally about 

9 Mid Shaft; an upper bearing plate meaiber and a lower bearing plate member, 
each alidably positioned on said shaft and contacting opposite ends of said 
U columns; limiting sleeves attached to each of said bearing plate jieabers 
and slidably positioned on said shaft; a shoulder member on said shaft; a 
differential screv element connecting said shoulder and said shaft to i«ply 
a buckling load to said eolunns; said shoulder b«lng eagsgeable with Vba 
limiting sleeve conneoted to said lowr bWHrtng plate member, nhereb/ the 

16 axial travel of said bearing pUte members is limited; said eoluma meaOjers 

17 transmitting their buckling load to said aim members to urge said ana members 
IS outwardly with a siibstantlaUy constant force. 
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39 okaMBtaatstlM, ^tk ttm tool dxaoiSas agalnat Ite l«P*» of 
\ after t«iAC gi— ■ I 
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SI 







•iMtM ■ptarl » W»k pUe*. iMliW litjMfr u M 

toal ftr tMtailiN; aiMlu ilMra la a aiB«id«« iAi«b 



otbar ofejat iT tto tamatHa at n 
I fan* Mrt^ da«lM. « fwUar v 



«k)N^ la a r N P *» aa» f U t rm * 
tovlM. vwa« a^ cAs}wM of ta* lavaatloa vltl t 



Mteraaea 4» 4to fMloulBft ^Msviyttoa ar Hm i a^wjMu ai 

ft tiuiijiiii viih Ite yiwit laantjyai ttar* la fwridal a aoa- 
•tv^k ayrlac 4aTl«a i»Ufc oavrlaa* • aaibar, m «3aM»t«« •aUaa 
•l««at MjMaa% aaU.^pl^ wmMr, ^mrUm llA<* aafcasa ewtactUt tka taa 
0» USA eolMB «fe UaM «aa at mU liMrug ^laU 



«» Um% Ha 4aCM«tiqa of mU walata ai nat to »ni»a t poHMad 
MiH or aau. »1» alMMll ^P«b ilw ^fOlMMoa of > ii i^ i w iifa : 
t flf ite lw«aMaa» tte fkvaprtiw aw««« 
L li ■ iwl Tia UMlIni t -r-'"- — 
a Mnui«» aU «aMw^ i^m iv>i^ Mlaa M«| iii Hi — ■ « ana. w 
to atv M aqitflnt Ua Miaatf* a^ilaai ika llaar iaalal3a& U tka 
Mifttf t It a tiAaiiaMally caaalaai <orat. 

1^ taftatlM WMar iMiiiiliiiill V J tt tJM Mloi^ 



tteaA naa af a gnCtart^ •ateOUM* 



of • Hair MciaoAlat too» aooasAlac to 
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78628$ 

Ti«iir« 2 tB ft ■MtioMl »Ww ta tia ^nrntw or VMpm U titeo at 
itM 3.2; tad 

ri«u» IS OXMtrato* bIMI* aKUos of noh » «ao^ flgara 10 fCfr«. 
■MU tM vpVMP wmMm of ttt M^Uatf «m U It aMMN* «« 

M i«nM ttaw^ » (aol ftowi) W ft jtfat la ihs vmiU< ki «&UIi U 

im tfMU«a to iMtaU ft MteUSo Umt- fcfcn in— Hatj tt» tnl lata tiM 
«tU« n iSfliptia flwttmUsr aoR^MaiMar Jj» £fetal«BM tm am cmI, 

fl« •Iter MlMl* ■>n—VI« wWrtia* la ^laMA a tba «B«vwt«d 
ilJMr i* Moand Ia joalUon ••■rUat at i-U t^wr 4^ vitK m cyllodriottl 

li« «|« IT U thi fm wS * «NBMrM& dmite viAib m««h m « met- 

tttmSlr vAlAekaA to » entnUf IbMCIM, •lonpMl irlJaUrlcal InUcw tbtft jB 
Itami A jsrtlflB of <fete «r tte tMl. to tiMt ii y i Mm «to 17 

«MA Aift> It. 9te «iaiar«ia YortUM «r UM HM tl w 
nutty MMlffH tto Itw to fMflMi tftft fuftl •to»vra<i 
UMr 1^ « •t(brU0tl«U7 ivUBttlMl irii^. TIM MM Mifttn K «r« >i«Qtall7 
M«itoi to tte tiwft M M to to Mhl» oitoMUr im tto ■toft to * 

,p»ir 9fc Klltob&y Mu«ttlOMJ » tto Btoft to term m m M»oa * >»Uia 
Bh ««rfM» or tto Wirt I r m •tao, aow vrmUY tto 
L to MM» vLtH to« Uwi OKmtftly. MLtwtk«Mu»lj, tto 

90 toMO* BvfiMM of tto to* aol tto ouUlto mfMs Of Mtor e% 

IM* HKUac Mstlaai, Vsftwily ovkafotoi. ia «Im»». «• «9M*l«ft or tto ■» 
■^bto» U tMln&M "ly Ito foitf tlB of tto «»tor » iU«h to«M VMiUy 
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i nm t2 « biLA So flM* «* <lw dMil by coUbji ar cimUr orvova aO 

«M COAI, '>n^iffl.»l^ «to <t««V«t««t Ate «ad Ud m«0«A- 



itm 'Mil vr tM OA «nit«t ft nMA»ti#ii Md.. 

to ««ntlaB4 Ite lUitr •rttlat tooL 1> ■ untH i l M Uft rafwc, p» 

L tM ceopt^tai WW t» te» tte Haw. V» umMt to Ifficn* 
isto U» wll tk* UMtiea ■! wtMl tft* UaMr !■ to b« Mt. A ItqalA, flvh 
M Oil. u tlMi IMV^ tMdmt SMMBW tola mi «BUac Hrik Odirt 
tlw iMM»i«r t» ymtM U «oll«taaA Mi 51, thrwi^ >arto ^ od isio «riM* 
ter 39 oowir«1 to tto iwv «m M «te idMiOtor 3^ tte anHartlM »r 
Vi4««B* to tli» <yllj4«r« Cto sitUm 3^ mnm^ to poUaM rtf n mm 
«2wcr«ly la eyliM^ to Ooo, jot 36 oemwU poUiteA red }}. aait ttoft 
1^ aMU to mvtaft tto stMt-»to|v »jiy >i miwt ito 17* Vtaa tto |aa«n >V 



» u llw ISvr, «o ttott tto l ai ataii Uaax a 
to^««U^tk»eMiiflB«M«kltla^bi«^ltotoU«A. MlteMi cb 1 
•iMft MLDtf tto aqiartnn —rtT * to a WM la n i c«m qrtas iBiator 37 « 
to «vtoy^ to «T|i tka MVtoUM """^ •t"*-^ «• aModiai ana » «UK a 
nri>at«ttoll7 MUat, fttroa. tS» fwaa awtrt^ a«btoct tto cxA OTrf»«ra toug 
y.Tt>^»-T♦^^^^y Botetaaty ttm foroo toaoaalttoA tlrrm# tfta az« aa^ar* to 
U«r a^ to Ite datfi« fiU to aiAatiRltoUy^ MMtont aa imx alttar 
a^ Ito tool toa OMtog or nvcm toa owdM. la Or aiwiai« 

tM tto^ frwttii* tr tto asrtos aaaMtf it y* i> to c i a t ap toat tto MatteM 
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loffiM* iMtHMs U» t«el -iM ixan toA ^ j^mm mmtiml 4^mi th« 9m»- 

Um wviAt ^vMMTt Wtwo« W Uair taadae ^tim 49 
ftf ^ WBi- n J» pwi «Hii^1« jrmd* tfat AmM i«rtnnti«i of 

IB talA ^iMM ite ■ijnaiim ^ mAm vtUMtiml immr ^m\An 

to iliMiT ca^-** ttaft wAw ia <a ife* oMIc «r Wik a* Mb Mia «m«* 
iafe« ito 3<w MU«r 38 jMVlAtd vltt Mm&» tkrwl* S8U M« tkU*l* 

MAcr U ^offiM vtlh %taMd« «A ^ M «M Mtalto m1 ttft iMlte, 
iMit«U.Mir» «• ~~9 r vCtt ttnafa m M« UUt cad Um bIwoUm. &• ^ 
mW ar voMi* mfMtg mck «■ HUfltA w ia» I1umAi« 

to vittmA ««y td^ lMi« mA «fl»» 4» pltob w «M Mdfote 99 U MM 

&■ rfMilfT 98 im MMMA to Cto itatf^ 1A V ayUM* %) •» om it cm allM 
U^MlaAly. toft It to m% twm to lototo g* «to dtof t. TlMUy attostoA 
to too iMV Ml or tl« lld^ U ft MLetiM aeMr, MBh w ^ ■jrtoii ^# 

9 K m«naUc»Ur o^uiMMd MorUoB or otter raea^ Mrlot ftnr moucMliy 
tte SMI4* Mn or tt» MB4^t to MMM tto thtoUo n^toat 
totoUM «itk PPMtofc t* tto d»n. mteauy* ito unrtSM itf «m AmMot 

ttoMAo 99» to «to «M» 00 ttet tto «tort nrn tttw lAi. 
kMft MUiilK hA to! fitikfr «r iMi, «r tonoio Iflo Lr ou^Dy ptotor um 
tMb or i>io1i 3Bft* ■!» tM Bltdt M4to telM ^ ^ ' 

mmn, «loak-^M rotvutlM «f tte AoR sOoUw to tto lUiMo mmm 
«hMUor Motor 99 to ombm ^ooit vll^tV, nd • ««ont«Lao loot !• owrtaA 
VMitly o« o^lai olMMt 9T to MOM toBUlof. for omio»lo, mo MtioltetMy 
ftittOTMUtl w « toloi ftw OBd ooo-toU uutodo/totite o«m 

90 ttooaOo M « «Mrt 4VoiMlMMil7 LT-toob «n«lto tl Mt tor mA flM ooA IM- 
toi<rori tteo^l^lMk o«Hz« tojMU m » iteviMO* iBi wwI o rt O l y S.;-4b4w« 



• 9- 
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nasM miA U •lia-K> r»i1iflnn< i* bwwprt* »• imtm of Vc 

nMO* rf rwa^l^ iKftow»|ia mot ttlaMi J?. «woi»«* W yrorttfaa 
iB Mi BM iMtm ilwli*. tA ftam ^wmr itM wak ft Jpw%r 
2D «ktrfi VM «MJ or ^ ««XMft im iMVtoA. TM* vmn* wgi •kar^ ta 

A MM ar ItidMiv tM diflMttoa of umi nnlM P n^uiM^* 

MBV fMivMOM S» « feMtM g g a ^tln i, «r - 

3tfA ttacvto iiQ«aA MM WId «r nfrtavo of 

k f«ir ef fftopa lr> m ifiu t i tm a rear xbi* ymiw . 

M tea, ite «tav» m rS^I^ «OBBi«>et tM 'ImIbk r'*^t i« 

89 iJLl^o IWfltndlmUy tMTM. 9m <n4» 0* tM atoia My MM Mart, «r Mf 
fn»^ Mftli Mfcw M V- iMft M iwrUf '•rt^- i»wr»l«wk> 

1. ffMMM fm MUg iM >r teUM Sft .MMiUA U tl« lA- 
i Mift A« Mk «* i0 UmL% «b» J 



L «r tt* ^MrtHK »!*•■ Mrtw. M Miy M 

i or MllMI alMtft ^3. MM ftl^lMta^ I 

1^ - — f- to ite m9m ftJMa» M9 ftiM 'to MplM«A« Per Mivte# «^ ^ 
ml^l^ OM«aaM mj W ii«lm«& Mr OJt jnyMC W Xi^t IcndtaStml 



tM caiMB «UMftt 43 Mv ami 
CMft ^«HM ftteM fen* ma * fMiiM itf <fc« fee*! "Klai 
MM. Kiih Mto flf i-aM. m«M A «to MM kT. «» My feft 



■ « - 





1^- 








ussyjUiimiSB 
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riMad cJn— Ij ta^uiMV m abarn, gr mug ■fBc«d krOTviS u« j 



Tlih M**" 



M iwtfliir >raM, iwvmM Mfpor, ^ la^ ia«9l*I aJlsvii ma «Ctar mIMIm- 

tUmI MteA «r loBC >vtW»aur ero— —tip*, t*» cUth %el«g 
p«Bt«v Ifan thp lAAckMM, oit »i iw^ii m tlMci llw i^*r X*o* of ^ t«»>M» 
U ifiHl to \bk illMitBi of IM tbmtX, wltt ■ti Tfi ria ft t oontMslM 

L»*4^ tto pA^» ti^ii, tend alaDei ite aiiit Mf lag tte l«Mt iB ^t - 
or taayttft^ •.«., onWiolVy b«7' Mi Ui* ikaft 18. 

fbr MMvUs. * ^ oAwMt cHlt-lBeh iUt*. o.^Tft-lscli vlfte 

49te Ml* VMUted M« 41MB «t 979*9' »wh oelwa m foMM* lA » 
9D eHtdo»l vwMMloB «r ^ pffsA* 1« oAkt to bwOOs Hip «AliMa. 

. iUKtr tte fli^j fMnt -lo a wry f]*% •I'Uc dwmctwls- 

0 njiiwli ib» Iv^ Mft itilwUvt M MUh Urn pLmw U iln trtu M ntam 

tU* m^im mhuMrtwMc mm ip cIpppiIMI 1v «urtp OiiJL». Apmrniij, 
<MP am Ip dpportMl "fer MJO «ui to frloidca 1» Up pyvtM. ItitPta A md m 
upppwt tmo^ 14«IU, «r oopTPP, «w bp wrtai ppcartiot to 

H« pfif UpptlQo fe^ ««Uk IbP pprlnK dppl^. Por pm^lp, vbPTv » Un^ 
a^bPf ^ flBilac pyplPP m B0t ntlPivMPit« • vntdpg »tnM jw« tatev «p 
)0 yUU pallid bp wpA, iMU vltt » CK«b nAv of flSumm, ite msklBc 
ptippp Pi7 %t teld to ippp VIM tte prtOMMP M«it of tto ppturus a* Msatnt 
MM. «» «dM-MtisM& «PMC« «kP la(teii4 ilpnMllpa wp UMtpA to 
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& tta <»««tloik gr tta rtof. o.,^^ tool ftr .rtWl • 1 
la wmUt, ^ aite^ *00l U l«f«r»4 Ulto tW ••11 «» iwfttUwd •km, 
MtttteMSSialtonUMUdpaHtlM. lb. tool I. .« ti« a«d«« 

r 99 io m*M ^ 3T U9 • ««1M*a1 

fcto a— I *• iiwitMit ng— *iy i^to— <** ^ - 

rift, OTi IW t*v*r«4 ««f M« U «MM^ 'l*^ tmtmM m 

qp,rtliKl>1 tfat eritloU bwokUnc loai of c>lat 

iiniiiniiiiiinr. tto iipairtin tool u a obwi^ m umt te 

t^I^ It i» iho CMloa lA tte hOM^ AamxIM brroiaWforo. 
|| »^ fflM«Ai« «*«erti*li» of « tUdwU v^xAi mw A ^ iacwtMXm 



|l?7Ii 













|iMyitii|i 





httpV/patentsl .tc.gc.ca/ftgi-biii/aiKy2htinl 



9/1 SAX) 



0Q7362SSdi9.aQ^P&8e9 



Page 1 of 1 



1^ 



r 

'}■ ■ 

r." 



mm tW dM«flj«l«B«'«Btf, M •\>efe< ktea* fail 



vstUA Um aplTlt 



JO 
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